Background: Lower-limb revascularization surgery, especially when performed using the great saphenous vein, predisposes patients to major surgical trauma on initially ischemic tissue. Vein harvest wounds (VHWs) after infrainguinal revascularization heal slowly. This study's aim was to assess the factors associated with VHW healing after infrainquinal bypass surgery for critical limb ischemia (CLI). Methods: A retrospective patient record study was conducted. All patients with CLI who underwent infrainguinal bypass surgery with autologous vein graft between January 1, 2015, and December 31, 2017, in the Turku University Hospital, were included. Follow-up data were collected until February 28, 2018. The following data was collected from the patient files; risk factors, ankle-brachial indices (ABIs), systolic toe pressures (STPs), the presence of an ischemic ulcer, VHW dehiscence, and the time when the VHW was completely healed. Procedures with outflow vessels at either popliteal or tibial artery were analyzed separately. Descriptive and univariate statistical analyses were performed. Results: Altogether, 195 patients were operated on for CLI, of whom 133 (68.2%) patients had ischemic ulcers. The mean follow-up time was 535.0 days (range 3.0e1143.0 days). The mean ABI improvement was 0.49 (P ¼ 0.00), and STP improvement, 39.9 mm Hg (P ¼ 0.00). The median time taken when VHW was healed was 48.0 days (95% confidence interval [CI], 39.4e56.6) in patients without ischemic ulcers and 82.0 days (95% CI, 59.7e104.3) in patients with ischemic ulcers, P ¼ 0.03. VHW in patients who underwent popliteal artery bypass (62 days, 95% CI, 12.9e93.0) healed faster than VHW in those who underwent tibial artery bypass (132 days, 95% CI, 48.0e93.0), P ¼ 0.02. Risk factors and the preoperative or postoperative ABIs or STPs had no effect on VHW healing time. Conclusions: VHW healing was remarkably slower after revascularization surgery in patients with an ischemic foot ulcer than in those without ischemic ulcers.
INTRODUCTION
Critical limb ischemia (CLI) is the most severe presentation of peripheral artery disease (PAD); without successful revascularization, it is a threat for limb loss. 1 Patients presenting with CLI who have a life expectancy of more than two years benefit from an open bypass procedure with an autologous vein. 2 The present guidelines state that the autologous great saphenous vein (GSV) is the conduit of choice for infrainguinal bypass procedures. 3, 4 However, revascularization with harvested GSV exposes an initially ischemic tissue to a major surgical trauma. The GSV can be harvested using either an open or an endovascular technique. Better primary graft patency and fewer reinterventions at one year postoperatively have been reported when open vein harvest technique is used. However, both vein harvest techniques result in similar limb salvage and secondary graft patency. 5e8 Although a revascularization procedure is performed to restore the blood flow, the vein harvest wound (VHW) in the revascularized limb heals slowly. The rate of VHW dehiscence after lowerlimb revascularization varies, ranging from 5% to 20% in published reports. 5, 7, 8 VHW healing has been studied more extensively after coronary artery bypass graft (CABG) surgery. 9 Literature regarding VHW dehiscence and infection after infrainguinal revascularization is scarce.
The aim of the present study was to assess the VHW healing time and confounding factors affecting VHW healing in the ischemic limb after a revascularization procedure.
METHODS
A retrospective single-center study was performed in the Turku University Hospital Department of Vascular Surgery. All consecutive patients who underwent infrainguinal arterial bypass surgery for CLI between January 1, 2015, and December 31, 2017, were included in the study.
Data Collection
Data were collected from the operation monitoring system Opera (GE medicalÔ) and the patient record system Uranus (CGIÔ). The follow-up data were collected until February 28, 2018.
The following patient-related variables were recorded: age, gender, body mass index, presence of CLI, hypertension, diabetes, renal dysfunction, rheumatoid arthritis, smoking, history of stroke, and statin use. Only ICD-10-coded diagnoses were registered. The preoperative and postoperative ankle-brachial indices (ABIs) and systolic toe pressure (STP) measurements were recorded. CLI is defined by ischemic rest pain and STP <30 mm Hg (or systolic ankle pressure < 50 mm Hg) or Rutherford classification grades V and VI (ischemic ulcer or gangrene, either wet or dry) 1, 10 and STP < 50 mm Hg (or systolic ankle pressure < 70 mm Hg). The ischemic foot ulcers were classified according to The Society for Vascular Surgery Lower Extremity Threatened Limb Classification System (WIfI). 11 Indication and urgency of the operation, wound closure method, and the VHW site were recorded, as well as whether fasciotomies were performed.
Procedures with outflow vessels at either popliteal or tibial artery were analyzed separately. The main outcome measure was the date when the VHW was completely epithelialized.
CLI Treatment Protocol at the Turku University Hospital
Routine planning for the operation included computed tomography angiography, magnetic resonance angiography, or digital subtraction angiography. The revascularization modality and inflow and outflow sites were determined from these images. ABI and STP measurements were performed in the vascular laboratory for all patients with suspected CLI. In urgent cases outside of office hours, this was not always possible.
Duplex ultrasound vein mapping was performed, and veins more than 3 mm in diameter were considered sufficient as graft. The first choice for graft was the ipsilateral GSV, the second choice was contralateral GSV, and the third choice was composite veins (constructed from the GSV and cephalic or basilic veins). In situ technique was used in only selected cases.
The operative technique was chosen by the operating vascular surgeon. The vein harvest was performed from continuous incisions. The incisions were closed in two layers. The subcutaneous layers were closed using an absorbable multifilament continuous suture (VicrylÔ; Ethicon Inc.), and the skin was closed using metal staples. Antibiotic prophylaxis (cefuroxime) was administered. For patients with renal insufficiency, clindamycin was used. The use of the WHO Surgical Safety Checklist is mandatory at our institution. 12 Routine postoperative follow-up was performed at our unit 1 month after the operation. Only leg wound healing was recorded. If operation wound infection or dehiscence was detected, follow-up visits were arranged at least by two-week intervals. The follow-up visit consisted of graft duplex ultrasonography and ABI and STP measurements. Healing of the ischemic ulcer, operation wound, and VHW was assessed and recorded. The VHW was considered fully healed when the whole wound has epithelialized. In case of possible postoperative problems, patients had possibility to contact the operative unit for any reason and an additional visit was organized.
Statistical Analysis
Statistical analyses were performed using SPSS System for WindowsÔ, version 9.4 (SAS Institute Inc., Cary, NC, USA) and IBM SPSS Ô program, version 25. Categorical variables are expressed using frequency and percentage. Continuous variables are expressed as median or mean ± standard deviation. Normal distribution was assessed with Shapiro-Wilk tests, and the statistical significance was tested with Student's t-test.
Survival analyses were assessed by Kaplan-Meier curves. To assess the predictive value of factors affecting survival, univariate Cox regression analysis was performed for continuous variables. P < 0.05 was considered statistically significant. For multivariable analyses, risk factors with P < 0.2 in univariate analysis were forced into a Cox proportional hazard model. Multivariable analysis was carried out to assess the risk for delayed wound healing.
Ethical Considerations
The study protocol was approved by the local ethical committee of the Hospital District of South-west Finland. Owing to the retrospective nature of the study, patient consent was not required.
RESULTS
During the study period, altogether 195 patients were operated. For 62 (31.8%) patients, the operation was performed during the initial hospital admission. The patient characteristics and their cardiovascular risk factors are presented in Table I. Altogether, 133 patients (68.2%) had ischemic ulcers (Rutherford grades V and VI) before operation. The ischemic ulcers are classified according to the WIfI classification system in Table II . For the remaining 62 patients (31.8%), CLI (Rutherford grade IV) presented with ischemic rest pain and STP < 30 mm Hg. For 35 patients (17.9%), fasciotomies were performed because of either loss of sensory or motor function before operation or clinical symptoms of compartment syndrome postoperatively, that is, severe calf pain. The graft types used in the primary revascularization procedures are presented in Table III .
The mean follow-up time was 535.0 days (range 3.0e1,143.0 days). The preoperative and postoperative ABI and STP values are presented in Table IV . After revascularization, the mean improvement in ABI was 0.49 (P ¼ 0.04), and STP improvement, 39.9 mm Hg (P ¼ 0.01). During follow-up, a major amputation was performed on the revascularized limb for 21 patients (10.7%), and 45 patients (23.1%) died during the follow-up period.
VHW Healing
The median time until the VHW was completely healed was 65.0 days (95% confidence interval [CI], 41.2e88.8). In 40 patients (20.5%), the VHW was healed in the first postoperative follow-up visit at 1 month. VHW healing was complete in 132 (67.7%) patients, 183 (93.8%) patients, 173 (88.7%), and 189 (96.9%) patients by the 3-, 6-, 9-, and 12-month follow-up, respectively. In 6 patients (3.1%), the VHW failed to heal by the oneyear follow-up. By Rutherford classification, mean estimated healing time was shorter (P ¼ 0.043) at class IV than at class V. No other significant differences were detected across Rutherford classes. VHW healing was significantly slower in patients with an ischemic foot ulcer (82 days, 95% CI, 59.7e 104.3) than those with ischemic rest pain (41 days, 95% CI, 39.4e56.6, P ¼ 0.03). VHW healing time is illustrated in Figure 1 . The VHW in patients who underwent popliteal artery bypass (62 days, 95% CI, 12.9e93.0) healed faster than the VHW in patients who underwent tibial artery bypass (132 days, 95% CI, 48.0e93.0), P ¼ 0.02. In 54 patients (27.7%), a wound infection was recorded during follow-up visits and additional antibiotic therapy was needed. Categorical variables affecting the time for VHW healing are presented in Table V .
In multivariable analysis, the only factor affecting VHW healing time was an ischemic ulcer (Rutherford grade V or VI) at the time of initial revascularization (hazard ratio, 1.46, 95% CI 1.04e2.05, P ¼ 0.03; Table VI) .
Although a significant improvement in both ABI and STP was noted after revascularization surgery, this improvement did not correlate with the time of VHW healing (Table VII) .
DISCUSSION
This study showed that even when blood flow to the critically ischemic limb has been successfully restored, the VHW takes a considerable time to heal. The VHW healing time is significantly prolonged in patients presenting with ischemic ulcer or gangrene compared with patients with CLI presenting with rest pain. The VHW in patients who underwent tibial artery bypass healed significantly slower than in those who underwent popliteal artery bypass. No other confounding factor was shown to have significant influence on VHW healing time in our study. Endovascular therapy for vascular lesions has the advantage of being less invasive for the frail patients presenting with CLI. However, the Bypass versus Angioplasty in Severe Ischemia of the Leg (BASIL) trial 2 concluded that for patients with a life expectancy of more than two years, open revascularization is more beneficial than an endovascular approach for tibial lesions in terms of ischemic wound healing, amputation-free survival, and overall survival.
Patients undergoing infrainguinal revascularization for CLI have multiple comorbidities. 13 Furthermore, it has been demonstrated that symptomatic atherosclerosis, especially in the tibial vessels, is associated with increased cardiovascular mortality. 14e16 The association between cardiovascular risk factors, ischemic rest pain, ischemic ulcers, and development of surgical wound dehiscence has also been demonstrated. 13, 17, 18 Most studies considering VHW healing focus on the comparison of the open and endovascular harvesting techniques. Generally, for lower-limb revascularization, open vein harvesting is associated with better graft patency, but it also results in more wound dehiscence. 5e8 The rate of VHW dehiscence ranges from 5-20%. 5, 7, 8 The epithelization time of the WHV has not been reported earlier.
VHW dehiscence is 12% in patients after CABG surgery, and this can be reduced to 5% with minimally invasive techniques without compromising the graft patency. 9 According to the REduction of Atherothrombosis for Continued Health (REACH) data, only 4.7% of patients with coronary artery disease (CAD) have PAD. However, nearly half of patients presenting with symptomatic PAD have CAD. 19 The lower rate of wound dehiscence compared with lower-limb revascularization surgery could be explained by the absence of PAD at the site of VHW.
It has been demonstrated that approximately 10% of patients with CLI have persistent ischemic ulcers despite successful revascularization. 20, 21 In the present study, the presence of an ischemic ulcer at the time of operation was associated with longer VHW healing time, whereas diabetes was not. Our hypothesis is that patients with Rutherford grade V and VI ulcers have a considerably impaired microcirculation in their limbs compared with patients with Rutherford grade IV ischemic rest pain; thus, the VHWs also heal considerably slower. 10 Although a successful revascularization procedure has been performed to restore circulation, the defect in the microcirculation persists and impairs VHW healing. Microcirculation in the ischemic foot has been proposed to be a key factor in whether ischemic wounds heal after a successful revascularization. 22 Diabetes is known to have effects on the microcirculation, causing dysfunction in the arterioles and capillaries of the skin, retina, kidneys, and peripheral nerves. 23 Histological examination of these capillaries reveals thickening of the endothelial basement membrane compared with that of nondiabetic patients. 24e26 However, this could not be demonstrated in the present study. 
